For the purposes of this clinical practice guideline, capnography refers to the evaluation of the CO 2 in the respiratory gases of mechanically ventilated patients. A capnographic device incorporates one of 2 types of sampling techniques: mainstream or sidestream. 1 Mainstream technique inserts a sampling window into the ventilator circuit for measurement of CO 2 , whereas a sidestream analyzer samples gas from the ventilator circuit, and the analysis occurs away from the ventilator circuit. Analyzers utilize infrared, mass or Raman spectra, or a photoacoustic spectra technology. 1,2 Flow measuring devices are utilized in volumetric capnographs. Colorimetric CO 2 detectors are a form of mainstream sampling, but are simplistic. The colorimetric CO 2 detector has a pH-sensitive chemical indicator that undergoes color change with each inspiration and expiration, thus reflecting the change in CO 2 concentration. These devices start at baseline color when minimal CO 2 is present and undergo gradual color change with increasing CO 2 concentration. 3 CO 2 MV 2.0 PROCEDURE Capnography is the continuous analysis and recording of the CO 2 concentration in respiratory gas. Although the Brian K Walsh RRT-NPS FAARC is affiliated with the Respiratory Care
terms capnography and capnometry are sometimes considered synonymous, capnometry means only the measurement of CO 2 in respiratory gas (ie, analysis alone), without a continuous written record or waveform. Capnographic waveforms may be time-based or volume-based. 4 
CO 2 MV 3.0 SETTING
Capnography can be performed by trained healthcare personnel in any setting in which mechanically ventilated patients are found.
CO 2 MV 4.0 INDICATIONS
There are 3 broad categories of indications for capnography/capnometry: verification of artificial airway placement; assessment of pulmonary circulation and respiratory status; and optimization of mechanical ventilation.
4.1 Verification of Artificial Airway Placement. Even when the endotracheal tube is seen to pass through the vocal cords and tube position is verified by chest expansion and auscultation during mechanical ventilation, providers should obtain additional confirmation of airway placement with waveform capnography or an exhaled CO 2 or esophageal detector device. 5 4.1.1 Exhaled CO 2 detectors, including colorimetric and non-waveform, reliably detect intratracheal placement in patients whose cardiac output is not exceedingly low or who have not had prolonged circulatory failure. Their use in prolonged cardiac arrest merits further study. 5, 6 4.1.1.1 When waveform capnography is not available, these methods can be used in addition to clinical assessment as the initial method for confirming correct tube placement in a patient in cardiac arrest. 4.1.2 Capnography may be used as an adjunct to determine that tracheal rather than esophageal intubation has occurred. 4 The difference between P ETCO 2 and P aCO 2 increases as deadspace volume increases. 62 In fact, the difference between the P aCO 2 and P ETCO 2 varies in the same patient over time. 43, [63] [64] [65] Alterations in breathing pattern and V T may introduce error into measurements designed to be made during stable, steady-state conditions. 51, 52, 66 Interpretation of results must take into account the stability of physiologic variables such as minute ventilation, V T , cardiac output, V /Q , and CO 2 body stores. Certain situations may affect the reliability of the capnogram. The extent to which the reliability is affected varies somewhat among types of devices. Limitations include:
The composition of the respiratory gas may affect the capnogram (depending on the measurement technology incorporated).
7.1.1
The infrared spectrum of CO 2 has some similarities to the spectra of both oxygen and nitrous oxide. 50 A high concentration of either oxygen or nitrous oxide, or both, may affect the capnogram, so a correction factor should be incorporated into the calibration of any capnograph used in such a setting. 59 
7.1.2
The reporting algorithm of some devices (primarily mass spectrometers) assumes that the only gases present in the sample are those that the device is capable of measuring. When a gas that cannot be detected by the mass spectrometer (such as helium) is present, the reported CO 2 values are incorrectly elevated in proportion to the concentration of the gas present. 4,67 7.2 The breathing frequency may affect the capnograph. A high breathing frequency may exceed the capnograph's response capabilities. The presence of high airway resistance, respiratory rate, or inspiratoryto-expiratory ratio may decrease the accuracy of the measurement obtained from a sidestream capnograph, compared to a mainstream capnograph. 68, 69 In addition, a breathing frequency Ͼ 10 breaths/min affects different capnographs differently. 67 7.3 Contamination of the monitor or sampling system by secretions or condensate, a sample tube of excessive length, too high a sampling rate, or obstruction of the sampling chamber can lead to unreliable results. 7.4 Use of filters between the patient airway and the capnograph's sampling line may lead to artificially low P ETCO 2 readings. 31 
CO 2 MV 8.0 ASSESSMENT OF NEED
Capnography is considered a standard of care during general anesthesia. The American Society of Anesthesiologists has suggested that capnography be available for patients with acute ventilatory failure on mechanical ventilatory support. 81 The American College of Emergency Physicians recommends capnography as an adjunctive method to ensure proper endotracheal tube position. 75 The 2010 American Heart Association Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care recommend capnography to verify endotracheal tube placement in all age groups. 6 Assessment of the need to use capnography with a specific patient should be guided by the clinical situation. The patient's primary cause of respiratory failure and the severity of his or her condition should be considered.
CO 2 MV 9.0 ASSESSMENT OF OUTCOME 
